Cross-talk between bone morphogenetic protein 2 and leukemia inhibitory factor through ERK 1/2 and Smad1 in protection against doxorubicin-induced injury of cardiomyocytes.
The survival of cardiomyocytes is regulated by growth factors and cytokines such as bone morphogenetic protein (BMP) 2 and leukemia inhibitory factor (LIF). BMP2 and LIF induce distinct signal transduction pathways that each activate a different transcription factor [Smad1 and signal transducing activating transcriptional factor (Stat) 3, respectively] and common signal pathway [mitogen-activated protein kinase (MAPK)]. We previously demonstrated that BMP2 and LIF protect cardiomyocytes via Smad1 and STAT3 signaling pathways, respectively. On the other hand, these signals are known to act in synergy via synergistic integration of signaling pathways. Here, we examined interaction between BMP2 and LIF in primary cultured neonatal rat cardiomyocytes. LIF sustained phosphorylation/activation of Smad1 by BMP2. The role of extracellular signal-regulated kinase (ERK) 1/2 cascade activated by LIF was highlighted by the use of a MAPK/ERK kinase (MEK) 1/2 inhibitor, U0126, or overexpression of dominant-negative form of MEK1 that abolished sustained phosphorylation of Smad1 and cell survival effect induced by co-stimulation of LIF with BMP2, while BMP2 alone did not activate ERK1/2. Conversely, overexpression of the constitutive-active form of MEK1 increased BMP2-induced phosphoration of Smad1 without additional LIF. Moreover, BMP2 and LIF synergistically induced bcl-xL mRNA in doxorubicin (DOX)-injured cardiomyocytes. These findings suggest that the ERK1/2 pathway downstream of LIF is involved in sustained phosphorylation/activation of Smad1 by BMP2 and provide a possible mechanism for cooperation between intracellular signals activated by LIF and BMP2 in protection against DOX-induced injury of cardiomyocytes.